The paper explores the nexus between transport infrastructure (road and rail), energy consumption (oil and electricity) and economic growth in India over the period . Using cointegration and Granger causality test, the paper finds a unidirectional causality from transport infrastructure to economic growth, a unidirectional causality from economic growth to energy consumption and a unidirectional causality from transport infrastructure to energy consumption. The paper at the end suggests that energy and transportation policies should recognize the transport-energy consumption-growth nexus in order to maintain sustainable economic growth in the country.
discussion on causality (Donaldson et al, 1990) . Moreover, this model does not highlight the unit root and cointegration problems. The second model is purely based on causality approach, where the unit root and cointegration have been taken into consideration. The paper is all about on causality approach. Note that all these variables are used in natural logarithms so that their first differences approach the growth rates. The cointegration and Granger causality test have been applied to trace the nexus between transport, energy consumption and economic growth. Engle and Granger (1987) showed that, if two variables are individually integrated of order one and cointegrated then there is possibility of a causal relationship in at least one direction. The detail procedure of modelling the nexus between economic growth and transport infrastructure is as follows:
Step 1: Normalization and aggregation of the transport and energy data. For a particular variable X, the normalization and aggregation can be done on the following ways: Step 2: Test the order of integration to know the stationarity of these time series variables.
Step 3: Test the cointegration to know the existence of long run equilibrium relationship between them.
Step 3: Granger causality test to assess the short run cointegration and the direction of causality between the variables. The detail econometric approach of these three tests is described below:
Test for Order of Integration
The test for order of integration means to know the stationarity of the time series variables. The Phillips and Peron (PP) unit root test is applied to detect the order of integration. This is a non-parametric test to the conventional t-test that is robust to a wide variety of serial correlation and time dependent heteroskedasticity. The PP unit root test requires estimation of the following equation (Phillips and Perron, 1988) ;
The bias in the error term results when the variance of the true population is as follows:
Differs from the variance of the residuals in the regression equation: Where k is lag truncation parameter, which is used to ensure that the autocorrelation of the residual is fully captured. The equation (7) represents that when there is no autocorrelation the last term in the formula defining 
Let us assume "d" is the number of times that a variable needs to be differenced in order to attain stationarity. Such variable is said to be integrated of order "d" and denoted by I (d). If the variable is stationary at the level data, it is integrated of order zero [I (0)]. Similarly if the variable is stationary at the first difference, it is integrated of order one [I (I)] and if the variable is stationary at the second difference, it is integrated of order two [I (2)] and so on.
Testing for Cointegration
The Cointegration test is meant to know the existence of long run equilibrium relationship between the variables. The long run equilibrium relationship, as a statistical point of view, means the variables move together over time so that short term disturbances from the long term trend will be corrected. A lack of cointegration suggests that such variable have no long run equilibrium relationship and in principle, they can wander arbitrarily far away from each other (Dickey et al., 1991) . Note that regression among integrated series is meaningful, if they involve cointegrated variables. The Johansen (1988) maximum likelihood (ML) test is applied to examine the cointegration between transport infrastructure and economic growth. The econometric procedures of these statistics are as follows: Let X t be a (n X 1) vector of variables with a sample of t. Assuming X t follows I (1) process, identifying the number of cointegrating vector involves estimation of the vector error correction representation:
Where, vector ΔX t and ΔX t-1 are I (1) representation. The long run equilibrium relationship among X t is determined by the rank of Π (say r) is zero, then equation (3) can be transferred to a VAR model of pth order and the variables in level do not have any cointegrating relationship. If 0 < r < n, then there are n X r matrices of α and β such that The likelihood ratio test statistic for the null hypothesis of r cointegrating vectors against the alternative of r + 1 cointegrating vectors is the maximum eigen value test and is given by ( )
.……. (6) Here, the null hypothesis of r cointegrating vectors is tested against the alternative hypothesis of r +1 cointegrating vectors. Hence the null hypothesis r = 0 is tested against the alternative r = 1, r =1 against the alternative r = 2, and so forth. It is well known that the cointegartion tests are very to the choice of lag length. The Schwarz Bayesian Criterion (SBC) is used to select the number of lags required in the cointegration test.
Granger Causality Test
The Granger causality test (Granger, 1988 ) is applied to examine the causality between transport, energy consumption and economic growth in India. The model is used for the same is as follows (11) Where, GDP stands for economic growth, TRAINF stands for composite index of transport infrastructure and ENEINF stands for composite index of energy infrastructure. To select an appropriate lag length, we use Schwarz Bayesian Criterion.
Results and Discussion
The Table 2 presents the estimated results of PP test. The results indicate that the time series variables are non-stationary in their levels but found stationary in the first differences. That means they are integrated of order one [I (1)] and confirms the possibility of long run equilibrium relationship between them. Using Johansen cointegration test, it is however confirmed that there is no cointegrating vector (see Table 3 ). This suggests that there is no long run equilibrium relationship between transport infrastructure, energy consumption and economic growth. However, we can study the direction of causality by simple Granger framework. The estimated results of Granger causality test are reported in Table 4 . The results showed that there is unidirectional causality from transport infrastructure to economic growth (TRAINF => GDP). This is justified on the basis of F-statistics, which is significant at (1, 1) and (2, 2) lag level. The reverse causality is, however, not found in the present case. The unidirectional causality is also found from economic growth to energy consumption and is supported by F-statistics at (1, 1) and (2, 2) lag level. This represents that it is the economic growth which determines the level of energy consumption but energy consumption does not influence the economic growth. The results also confirmed the uni-directional causality from transport infrastructure to energy consumption in the economy. The reverse causality is, however, not found in the present study. The summary of the causality results at (2, 2) are represented in Table 5 . The entire analysis sums up that transport is an effective infrastructure for energy consumption and economic growth in the Indian economy. The quantification indicates that a positive change in transport infrastructure leads to a positive change in both energy consumption and economic growth. The findings are very essential for the policy makers for enhancing the transport infrastructure in the economy for the benefit of energy consumption and economic growth.
Conclusion
Understanding the nexus between transport infrastructure, energy consumption and economic growth is very vital in the effective design and implementation of transport policies and energy policies in the economy. The present study explores the same in India during . Using cointegration and Granger causality test, it concludes the following: 1) A unidirectional causality running from transport infrastructure to economic growth. 2) A unidirectional causality running from economic growth to energy consumption. 3) And a unidirectional causality from transport infrastructure to energy consumption. To conclude, transport is a key infrastructure in the present study, as causes energy consumption as well as economic growth. It is, therefore, suggested that increasing transport facility along with energy consumption will lead to more economic growth in India. The achievement of higher economic growth through transport infrastructure and energy consumption could be due to its various direct and indirect benefits in the economy. But in India, the level of transport infrastructure is not so good, both in quantity and quality, in contrast to developed countries in the world. The result would be much better, if there is sufficient transport infrastructure in the economy. Since transport infrastructure is a big deal to economic growth, a suitable transport policy should be required urgently to boost economic growth and to maintain sustainable economic development in the country. A piecemeal approach to such a vital issue is of serious consequences and may affect economic growth in the long run. Therefore, government has to look the same at any cost and with a greater caution. 3) The lag length has been choosen based on minimum of AIC. 4) The critical values follow MacKinnon and James, 1996. 5) * implies significant at 1% level. 2) The Estimation process follows linear deterministic trend.
3) The critical values follow MacKinnon-Haug-Michelis, 1999. T stands for composite index of transport infrastructure; P stands for composite index of energy; G stands for economic growth; other notations are defined earlier. 
